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Description 

[0001] The present invention relates to a method for 
treating a bed of particulate nnaterial which is supported 
by a gas distribution bottom, utilizing a treatment gas 5 
which via ducts is conducted in sectionaiized manner to 
and directed up through the gas distribution bottom and 
the bed of material from one or several underlying com- 
partments. The invention relates also to an apparatus 
for carrying out the method according to the invention. io 
[0002] Within the industrial sector there are numerous 
examples of apparatuses which comprise a gas distri- 
bution bottom. As nonlimiting examples hereof can be 
mentioned fluidized bed reactors, chemical reactors, 
drying apparatus, gas-solid heat exchangers and oth- 
ers. 

[0003] Essentially, the functions of the gas distribution 
bottom is to support the bed of material and to distribute 
the treatment and f luidizing gas uniformly across the en- 
tire bed. The construction of the gas distribution bottom 
is also of importance both for the physical and chemical 
efficiency of the bed. To-day it is a generally recognized 
and reluctantly acknowledged fact that a relatively high 
pressure drop across the gas distribution bottom is re- 
quired to ensure uniform distribution of the gas across 25 
the entire bottom, since improper distribution of the gas 
flow will often lead to poor gas-solid contact and forma- 
tion of tunnels. Often, a gas distribution bottom is char- 
acterized by the relationship between the pressure drop 
across the gas distribution bottom and the pressure drop 30 
across the bed. In technical literature, it is typically rec- 
ommended that the gas distribution bottom be config- 
ured so that this relationship will be 0.40 or higher, i.e. 
the pressure drop across the bottom is at least 40% of 
that across the bed. However, this relatively high pres- 35 
sure drop across the gas distribution bottom entails an 
excessively high energy consumption of the fan instal- 
lation which propels the treatment gas through the ap- 
paratus. 

[0004] An example of an apparatus which comprises 40 
a gas distribution bottom is a grate cooler for cooling, 
for example, cement clinker. In such a cooler the primary 
aim is to achieve a favourable degree of heat exchange 
between the clinker and the cooling gas so that essen- 
tially all the thermal energy contained In the hot clinker 45 
can be returned to the kiln system in the cooling gas, 
while, at the same time, the clinker is discharged from 
the cooler at a temperature which is very close to the 
ambient temperature. It is a precondition for achieving 
a favourable degree of heat exchange that the cooling so 
gas flow through the clinker is well-defined. 
[0005] In connection with the cooling of cement clink- 
er which is discharged from a kiln installed ahead of the 
cooler it has, however, emerged that the clinker is not 
always uniformly distributed on the cooler grate. In- 55 
stead, there is a tendency towards the clinker being dis- 
tributed so that the larger clinker lumps are predomi- 
nantly located at one side of the cooler, whereas the fin- 



er clinker lumps are located at the other side. Also, the 
thickness of the clinker bed may exhibit variations both 
longitudinally and transversely through the cooler. Since 
it is easier forthe cooling gas to penetrate a bed of larger 
clinker lumps and/or a thinner bed as compared to pen- 
etrating abed of finer clinker lumps and/or a thicker bed, 
and since, quite naturally, the cooling gas will always 
followthe route of least resistance, any such uneven dis- 
tribution of clinker often entails that the finer clinker ma- 
terial is not sufficiently cooled, hence causing hot zones, 
so-called "red rivers", to be formed in the cooler. Such 
uneven distribution of the clinker may also entail that the 
cooling gas in the areas where it encounters least re- 
sistance will simply blow the material away and form tun- 
nels, through which the cooling gas will escape without 
any noteworthy exchange of heat with the clinker mate- 
rial. 

[0006] Therefore, optimum efficiency of a cooler op- 
erating under such conditions cannot be achieved. 
[0007] In order to reduce the importance of the une- 
ven penetrability of the clinker bed of the cooler gas and 
to ensure a more evenly distributed cooling gas flow 
across the entire surface of the grate, it has been pro- 
posed that the grate proper be provided in such a way 
that the grate itself will put up great resistance to the 
penetration of the cooling gas. However, this solution 
entails a major pressure loss across the grate, involving 
substantial costs for the erection and operation of the 
fan installation. At the same time, it does not eliminate 
the problems in terms of tunnel formations. 
[0008] From EP-A-0 442 129 is known a method and 
a grate cooler by means of which the aforementioned 
problem is claimed to be minimized by feeding addition- 
al cooling gas in pulses to the areas of the bed in which 
the temperature is higher than in the surrounding areas 
of bed, whereby the first-mentioned areas of bed are 
cooled further and subjected also to agitation. A distinct 
disadvantage of this known solution is the relatively ex- 
pensive and complicated manner in which the control 
operation forthe additional cooling gas supply is carried 
out. Controlling involves that the temperature of the en- 
tire surface area of the material bed is measured and 
recorded in order to establish a temperature profile 
which, via a calculating and controlling unit, forms the 
overall basis for controlling a number of valves which 
admit and shut off, respectively, the supply of additional 
cooling gas to nozzles which are fitted under the grate 
in a structured pattern. Also, the agitation of the material 
bed may have a negative effect on the efficiency of the 
cooler. 

[0009] A second example of an apparatus comprising 
a gas distribution bottom is a fluidized bed kiln which is 
used e.g. in heat and power plants. In a fluidized bed 
the primary aim is to ensure efficient combustion of the 
input fuel under stable and optimum operating condi- 
tions. In this context, it is a precondition that the f luidiz- 
ing gas is evenly distributed across the entire bed. 
[001 0] In the fluidized bed kiln there are known prob- 
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lems in terms of tunnel formations similar to those de- 
scribed above in connection with the cooler example. In 
the fluidized bed l<iln the problem is also believed to be 
attributable to the fact that the thickness of bed is not 
uniform, thereby causing the fluidizing gas to penetrate, 
with a self-energizing effect, the bed at the point of least 
thickness and, therefore, the point of least resistance. 
In order to minimize the problem and to achieve a more 
unifonn distribution of the fluidizing gas, the gas distri- 
bution bottom has been provided in similar manner as 
done in the clinker cooler, so that it put up great resist- 
ance to the penetration of the fluidizing gas. However, 
it has been ascertained that, nor in fluidized bed kilns, 
has this solution led to elimination of the problem in 
terms of tunnel formations. 

[0011] It is the objective of the present invention to 
provide a method as well as an apparatus for treating a 
bed of particulate material by means of which favourable 
and stable operating conditions without any formation 
of tunnels can be achieved while simultaneously reduc- 
ing the operating costs of the fan installation. 
[0012] DE-A-1221 984 discloses a method for treating 
a bed of particulate material which is supported by a gas 
distribution bottom, utilizing a treatment gas which via 
ducts is conducted in sectionalized manner to and di- 
rected up through the gas distribution bottom and the 
bed of material from one or several underlying compart- 
ments; the flow of the treatment gas through each duct 
being regulated by means of a flow regulator provided 
in each duct,each flow regulator being automatically 
movable in direct response to the gas flow condition in 
the respective duct; and, according to the present inven- 
tion, such a method is characterised in that the regula- 
tion is effected continuously variably within an opera- 
tional range about a datum flow rate; and the regulator 
is movable, in response to a change in force acting in 
the opposite direction to the direction of movement as 
a result of the prevailing pressure conditions in the duct, 
to reduce the cross-sectional area of the duct when the 
gas flow begins to rise, and vice versa. 
[0013] The invention also includes an apparatus for 
treating a bed of particulate material, the apparatus 
comprising a gas distribution bottom for supporting the 
bed to be treated and provided with a number of ducts 
for sectionalized supplying of treatment gas from one or 
several underlying compartments; each duct having a 
respective flow regulator which is automatically mova- 
ble in direct response to the gas flow condition in the 
respective duct; characterised in that the flow regulator 
provides a continuously variable regulation of the gas 
flow within an operational range; and the regulator is 
movable, in response to a change in force acting in the 
opposite direction to the direction of movement as a re- 
sult of the prevailing pressure conditions in the duct, to 
reduce the cross-sectional area of the duct when the gas 
flow begins to rise, and vice versa. 
[0014] Hereby it is obtained that the total pressure 
loss across the gas distribution bottom can be reduced, 



that the flow of the treatment gas through the material 
bed is distributed in a desirable and well-defined manner 
across the entire gas distribution bottom, regardless of 
the composition of the material bed and the distribution 

5 thereon, and that tunnel fonnations are avoided. This is 
due to the automatic regulation of the gas flow which is 
continuously effected in each duct in direct response to 
the gas flow during the operation of the apparatus. In 
case of a change in the material composition and/or the 

10 bed thickness in an area of the material bed, entailing, 
for example, a drop in the level of resistance to pene- 
tration of the gas in this area, which is typical in connec- 
tion with a beginning tunnel formation, the flow regulator 
in the duct underthe particular area will normally provide 

15 that the passage area in this duct is reduced so that the 
gas flow through this area does not rise, but instead is 
reduced or at least kept constant. This will enable the 
material bed to re-establish itself while simultaneously 
ensuring that only the gas volume required for the treat- 

20 ment is directed through the bed in the particular area. 
In the opposite case, where the resistance of bed in- 
creases e.g. as a consequence of a thicker bed, the flow 
regulator will provide for an increased passage cross 
sectional area in the underiying duct, and thereby that 

25 the gas flow through this area is not reduced, but instead 
is increased or at least kept constant. So, expressed in 
other words, it may be said that each single flow regu- 
lator compensates for the changes in the flow resistance 
of the superjacent material bed, so that the best possible 

30 aerating is maintained at the lowest possible pressure 
drop. 

[0015] Thus, although the invention can be used for 
obtaining a desired gas flow in any situation, whatever 
that gas flow might be, preferably it is arranged that, 
35 within an operational range, the gas flow does not de- 
crease or increase as the pressure drops across the su- 
perjacent part of the bed increases or decreases, re- 
spectively. 

[0016] In particular, the gas flow through each duct 

40 may be regulated so that it increases as the pressure 
drop across the superjacent part of the bed is increased, 
and, conversely, that it decreases as the pressure drop 
across the superjacent part of the bed is reduced. Alter- 
natively, the regulation may be such that the gas flow is 

45 maintained substantially constant at any pressure drop 
occurring across the superjacent part of the bed. 
[0017] In connection with a grate cooler it is thus ob- 
tained that the material is un if ormly cooled to the desired 
temperature, that the heat recuperation is satisfactory, 

50 and that tunnel formations are avoided. In connection 
with a fluidized bed it is thus obtained that the fluidized 
bed exhibits a more stable behaviour without any ten- 
dency towards tunnel fomriations. 
[0018] Sometimes, it may, for different reasons, be 

55 advantageous in certain types of apparatus to have a 
greater flow of the treatment gas in one or several spe- 
cific areas as compared to other areas, and, therefore, 
it is possible according to the invention to carry out con- 



3 



5 



EP 0 848 646 B1 



6 



tinuous or intermittent adjustments of the datum setting 
of each flow regulator in order to achieve the desired 

flow characteristics. 

[001 9] The adjustment of the datum setting of the flow 
regulators may be carried out manually or automatically 
using measuring and monitoring equipment which is 

connected to a control unit. 

[0020] In a simple design, each flow regulator may be 
of a type which comprises one or several variable ven- 
turi-like nozzle means constituting, by themselves, var- 
iable flow-limiting restrictors. 

[0021] In this context, the expression "venturi-like 
nozzle means" refers to a nozzle in which the pressure 
upstream of the nozzle is, for the most part; recovered 
downstream of the nozzle. 

[0022] In an extended design, each venturi-like ven- 
turi means may also be separately connected via a con- 
necting means to a variable restriction means. 
[0023] In another equally simple design each flow reg- 
ulator may be of the type which comprises one or sev- 
eral variable, orifice-like nozzle means. 
[0024] In this context, the expression "orifice-like noz- 
zle means" refers to a nozzle in which the pressure loss 
across the nozzle is not recovered downstream of the 
nozzle. 

[0025] Each orifice-like nozzle means may be de- 
signed so that it comprises at least two flow restriction 
means, which, in conjunction, define at least one nozzle 
opening, and that at least one of the flow restriction 
means is displaceable relative to the other(s) and con- 
nected to means for generating this displacement. 
[0026] These means of displacement may be provid- 
ed in any suitable manner, but it is preferred that each 
means comprises a movable plate on one side of which 
prevails the pressure upstream of the nozzle opening 
and on the other side of which prevails the pressure 
downstream of the nozzle opening, and that the mova- 
ble plate is directly or indirectly connected to a charac- 
teristic controlling means. 

[0027] It is further preferred that the flow restriction 
means are configured so that the total nozzle opening 
area for any pressure differential prevailing across the 
nozzle within a specific operating range precisely results 
in the desired gas flow through the duct. 
[0028] Subject to varying operating environments, it 
would be advantageous for each flow regulator to be in- 
dividually adjustable. Therefore, each single flow regu- 
lator may comprise means for adjusting its datum set- 
ting. 

[0029] The apparatus may also comprise measuring 
and monitoring equipment which, via a control unit, is 
connected to the adjusting means of each single flow 
regulator. 

[0030] The invention will now be described in further 
details with reference to the attached diagrammatic 
drawing, in which: 

Fig. 1 shows a first embodiment of a flow regulator 



which may be used according to the invention, 

Fig, 2 shows a second embodiment of a flow regu- 
lator which may be used according to the invention, 

5 

Fig. 3 shows a third embodiment of a flow regulator 
which may be used according to the invention. 

Fig. 4 shows a fourth embodiment of a flow regula- 
te tor which may be used according to the invention. 

Fig, 5 shows a fifth embodiment of a flow regulator 
which may be used according to the invention, 

15 Fig. 6 shows operational curves for the gas flow 
through a duct with a specific flow regulator and, 
respectively, without any regulator. 

Fig. 7 shows a side view of a first type of grate cooler 
which comprises flow regulators according to the in- 
vention. 

Fig. 8 shows a part of another type of grate cooler 
which also comprises flow regulators according to 
the invention, and 

Fig. 9 shows a fluidized bed kiln which comprises 
flow regulators according to the invention. 

[0031] In Figures 1 to 5 are shown five non-limiting 

examples of simple, inexpensive and mechanical flow 
regulators 21 which can be used according to the inven- 
tion. 

[0032] The flow regulators 21 shown in Figures 1 to 3 
are of the type which comprises one or several venturi- 
like nozzle means, whereas the flow regulators shown 
in Figures 4 and 5 are of the type which comprises one 
or several orifice-like nozzle means. 
[0033] The flow regulator 21 shown in Fig. 1 compris- 
es one or several venturi-like nozzle parts 45, each be- 
ing fitted at their one end, via arms 46, for rotation about 
an axis 43 fitted at the wall of the regulator. Each nozzle 
part 45 takes up a variable part of the passage area and 
thus acts, by itself, as aflow restricting restriction means 
44 which, during operation, moves between a first and 
a second extreme position in response to the prevailing 
pressure conditions in the regulator. In its first extreme 
position shown by a solid line in the figures, the nozzle 
part 45 restricts to minimum extent the cooling gas flow 
through the regulator21 , whereas in its second extreme 
position shown by a dotted line it restricts the flow to 
maximum extent. To prevent the nozzle part 45 from 
shutting off the cooling gas flow completely and to ena- 
ble the second extreme position of the nozzle part 45 to 
be adjusted, the regulator comprises a stop and adjust- 
ing means 51 , for example in the form of a screw. The 
regulator 21 also comprises an outer torque character- 
istic control element, here shown in the fonn of a spring 
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52. 

[0034] The flow regulator 21 shown in Fig. 2 compris- 
es a rocking means 41 which can be moved between a 
first and a second extreme position by rotation about an 
axis 43. In the figure the rocking means 41 is shown in 
its first extreme position. At one end the rocking means 
41 consists of a venturi-like nozzle part 45 and at its oth- 
er end it consists of a restriction part 44 which in the 
shown embodiment comprises two louvres 47 which via 
connecting amis 46 are connected to the nozzle part 45. 
The connecting anns 46 restrict just strictly the flow 
through the regulator 21. Two additional louvres 48, 
which operate interactively with the louvres 47 of the re- 
striction means 44, are provided on the wall of the reg- 
ulator opposite the louvres 47. To prevent the cooling 
gas from escaping behind the end parts 45 and 47 of 
the rocking means 48 after it has moved away from its 
first extreme position, the walls of the regulator are 
equipped with complementary bulges 49 and 50 for ac- 
commodating the end parts 45 and 47 in the first ex- 
treme position of the rocking means 41 . The flow regu- 
lator 21 shown in Fig. 2 may also, in similarity with the 
one shown in Fig. 1, comprise a stop and adjusting 
means 51 , not shown, and an outer torque characteristic 
52, here shown in the form of a torque arm 53 and a 
spring 54 which is attached to the shaft 43 and the ma- 
chine frame indicated at 55, respectively. 
[0035] The flow regulator21 shown in Fig. 3 also com- 
prises a variable, venturi-like nozzle part 45 which, via 
a connecting arm 46 which is rotatable about an axis 43, 
is connected to a restriction means 44. This flow regu- 
lator 21 may also, like the previously mentioned regula- 
tors, comprise a stop and adjusting means 51, not 
shown, and an outer torque characteristic 52, here 
shown in the form of a torque ami 56 which comprises 
an adjustable weight 57, and being attached to the axis 
43. 

[0036] The flow regulators 21 shown in Figures 1 , 2, 
and 3 operate as follows. If the pressure conditions be- 
fore or after the regulator 21 are changed so that the 
gas flow, indicated by the arrow, through the regulator 
is virtually changed, the nozzle part 45 will, for example 
in event of a virtual flow increase which may occur if the 
flow resistance of the material bed is reduced, be sub- 
jected to a minor static pressure, and, therefore, it will 
have a tendency to move to the left in the figures. In the 
embodiment shown in Fig. 1 , the restriction means 44 
will thus immediately limit the gas flow by restricting the 
passage area, whereas the restriction means 44 In the 
embodiments shown in Figures 2 and 3 by means of the 
connecting arm or arms 46 hereby will be forced in the 
right-hand direction in the figures, thus limiting the gas 
flow by restricting the passage area. 
[0037] The flow regulators 21 shown in Figures 4 and 
5 both comprise an orifice-like nozzle means 90 which 
consists of two overlapping plates 91 and 92. The plate 
91 which is attached to the duct wall is equipped with 
an aperture, thereby fonning in conjunction with the 



plate 92, which is capable of reciprocating action, as 
shown by means of the double arrow, a variable nozzle 
opening 93. In the embodiment shown in Fig. 4 the 
plates 91 and 92 are made up of plane plates, whereas 

5 in the embodiment shown in Fig. 5 they are made up of 
curved plates with a common centreline of curvature 97. 
[0038] In both embodiments the displacement of the 
plate 92 is effected by means of a movable plate 94 at- 
tached thereto, and which plate 94 is automatically 

10 moved and adjusted as a function of the pressure dif- 
ferential P1-P2 across the nozzle, as on one side of the 
plate prevails the pressure P^ upstream of the nozzle 
opening whereas, on the other side of the plate prevails 
the pressure P2 downstream of the nozzle opening 93. 

15 Both embodiments also include a plate 96 for separating 
the two pressure areas. In order to obtain the desired 
operational curve for the nozzle, the movable plate 94 
is directly or indirectly connected to an outer character- 
istic controlling element 95. 

20 [0039] In the embodiment shown in Fig. 4, the plate 
94 is configured for transverse displacement relatively 
to a fixed plate 96 and connected to a spring 95 which 
in turn is attached to the wall of the duct. In the embod- 
iment shown in Fig. 5, the plate 94 is pivotally fitted at 

25 one end around the line 97, and equipped, at Its other 
end, with a weight 95. 

[0040] Both embodiments may be configured so that 
they will meet any desirable correlation between the gas 
flow through the nozzle and the pressure drop across 

30 the nozzle. In practice, this may be done by calculating, 
based on a n umber of different pressure differentials P^- 
P2, and hence different positions of equilibrium of the 
displaceable plate 92, the area of the opening 93 re- 
quired to obtain the desired gas flow for each specific 

35 pressure differential. On the basis of these calculations 
of the area, it will be possible to determine the configu- 
ration, or in other words the longitudinal and transverse 
dimensions of the recess in the plate 91 . 
[0041] Both in Figure 4 and 5, the recess, and hence 

40 the nozzle opening 93, is configured so thatthe absolute 
change of the area of the nozzle opening 93 is reduced 
with increased displacement of the plate 92 in left-hand 
direction in the Figures. 

[0042] The operational curves in Fig. 6 indicate the 

45 correlation between the pressure drop across and the 
gas flow through a duct which comprises a specific flow 
regulator, curve 1 , and, respectively, a duct without reg- 
ulator, curve 2. Curve 3 indicates the flow opening in the 
duct with regulator. It appears from curve 2 thatthe pres- 

50 sure drop across the duct without regulator increases 
as the gas flow is increased. Since the fan installation 
maintains a constant pressure drop for the particular 
duct, it may be concluded that the gas flow through the 
duct, and hence through the bed of material, decreases 

55 as the pressure drop across the bed increases, which 
happens when the bed thickness is increased, and, con- 
versely, that it rises as the pressure drop across the bed 
decreases, which happens when the thickness of the 
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bed is reduced. This is undesirable since it nnay give rise 
to tine aforementioned problenns in terms of poor gas- 
solid contact and tunnel formations. 
[0043] By fitting a flow regulator, such as one of the 
regulators described above, in the duct it will be possible 
to obtain an operational curve similar to the one shown 
at curve 1 . As it appears, curve 1 has an interval A to B 
within which the gas flow through the duct decreases as 
the pressure drop across the duct increases. With the 
total pressure drop across the duct and bed being con- 
stant, this means, as long as the operation is maintained 
within the interval A to B, that the gas flow through the 
duct and hence through the material bed will rise as the 
pressure drop across the bed increases, and, converse- 
ly, that it will decrease as the pressure drop across the 
bed is reduced. Hence the previously mentioned prob- 
lems in terms of poor gas solid contact and tunnel for- 
mations will be eliminated or at least substantially re- 
duced. The inclination of the curve interval A to B indi- 
cates the intensity with which the regulator reacts to a 
specific pressure change. From the point B on the curve 
1 and in right-hand direction, the regulator is closed to 
maximum extent, as is apparent from curve 3, and, 
therefore, the gas flow through the duct depends on 
leaks, if any, and on the minimum passage area which 
has been selected. 

[0044] In Fig. 7 is shown a grate cooler 1 which com- 
prises an inlet end 5 and an outlet end 7. The grate cool- 
er 1 is connected to a rotary l<iln 3 from which it receives 
hot material which is to be cooled. The material from the 
rotary kiln drops onto a grate surface 9 provided in the 
cooler 1 and it is conveyed as a material layer 6 on this 
surface from the inlet end 5 of the cooler to the outlet 
end 7 by means of a drag chain 15. Grate 9 shown in 
Fig. 7 is stationary, being made up of a great number of 
consecutive rows of grate shoes 11 which rows extend 
transversely across the transport direction of the mate- 
rial. Under the grate 9 the cooler 1 comprises a com- 
partment 15 which is supplied with cooling gas from a 
fan installation 1 7. The compartment 1 5 may, both in the 
longitudinal direction of the cooler and transversely 
hereof, be divided into a number of smaller compart- 
ments, not shown, and, if so, cooling gas is supplied to 
each single compartment. In the compartment 15 and 
in connection with the grate 9, the cooler 1 comprises a 
number of ducts 1 9 for sectionalized feeding of the cool- 
ing gas to the grate 9. The ducts 19 are arranged side 
by side both in the longitudinal and transverse direction 
of the cooler. The number of ducts 19 and the area of 
the grate which each duct must feed with cooling gas 
are individually selected for each cooler installation. 
[0045] In order to ensure that the cooling gas flow 
through the grate 9 and the thereon deposited material 
layer, which is to be cooled, is distributed in a desirable 
and well-defined manner across the entire surface of the 
grate, regardless of the composition ofthe material layer 
and its distribution on the grate, the cooler 1 comprises 
in each duct a flow regulator 21 . 



[0046] As previously mentioned, each single flow reg- 
ulator 21 compensates for the changes in the flow re- 
sistance of the superjacent material layer so that the to- 
tal flow resistance of the cooling gas through the respec- 

5 five duct 1 9 and the superjacent material layer is con- 
stantly maintained within a very narrow interval. 
Through an appropriate dimensioning of the flow regu- 
lators 21 , thereby obtaining an operational curve which 
corresponds to the curve 1 described above in connec- 

10 tion with Fig. 6, it may be obtained, as long as the oper- 
ation is maintained within the interval A to B, that the 
gas flow through the duct and hence through the mate- 
rial 6 to be cooled increases as the pressure drop across 
the material layer 6 is increased, and, conversely, that 

15 it decreases as the pressure drop across the material 
layer 6 is reduced, hereby will be obtained a more effi- 
cient cooling of the material, also in the areas where the 
cooling gas encounters the greatest resistance, and that 
the tendency towards formation of tunnels is reduced. 

20 [0047] The cooler 1 shown in Fig. 7 further comprises 
measuring and monitoring equipment 23 which, via a 
control unit 25, is connected to each single flow regula- 
tor 21. 

[0048] In fig. 8 is shown a part of a grate cooler of the 

25 kind which comprises a number of overlapping rows of 
grate shoes 31 where each second row is arranged so 
that it is capable of reciprocating action, as indicated by 
the double arrow 33, for propelling the material 6 
through the cooler. As shown in the figure, each grate 

30 shoe comprises an upper grate part 34 which supports 
the material layer 6 and having passages 36 for cooling 
gas, and a lower duct part 35 for supply of cooling gas 
from an underlying compartment 1 5 to the grate part 34. 
[0049] In order to regulate the gas flow through each 

35 single grate shoe in similar manner as done in the cooler 
shown in Fig. 7 and thereby obtain a gas flow which is 
distributed in a desirable and well defined manner 
across the entire grate surface, the cooler shown in Fig. 
8 comprises in each duct a flow regulator 21 . 

40 [0050] Several grate shoes 31 in the same row may 
be supplied with cooling gas via the same duct part 35, 
thereby reducing the total number of flow regulators. 
[0051] In Fig. 9isshownanexampleof afluidizedbed 
kiln 71 which comprises a reactor in the form of a vessel 

45 73^ a gas distribution bottom 75 which is located in the 
lowermost part of the vessel 73. and incorporating 
through-going fluidizing nozzles, not shown. The gas 
distribution bottom may comprise an arbitrary number 
of fluidizing nozzles, but typically comprises between 1 

50 and 1 50 per square metre, dependent on the type of flu- 
idizing nozzle being used. The kiln is supplied with fuel, 
and any auxiliary materials, such as lime, via an inlet 72 
and with combustion/fluidizing gas via an inlet 74 and a 
compartment 76. In the compartment 76 and connected 

55 to the gas distribution bottom 75 the kiln 71 comprises 
a number of ducts 77 for sectionalized feeding of the 
combustion/fluidizing gas to the fluidizing nozzles ofthe 
gas distribution bottom 75. 
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[0052] During the operation of Iciln, tiie fuel is burned 
in afluidized bed 78 subject to constant feeding of com- 
bustion gas from the compartment 76 via the ducts 77 
and the fluidizing nozzles. The flue gas from the com- 
bustion process is conducted up through the vessel 73 
and exchanges heat with a heat exchanger 79 prior to 
its discharge through the gas outlet 80. Particles settled 
out from the flue gas are recirculated to the bed via an 
inlet 81. 

[0053] In a fluidized bed kiln which is operated under 
optimum conditions the bed 78 will exhibit stable behav- 
iour characteristics and will be uniformly distributed 
across the entire gas distribution bottom 75. However, 
in practice, it has been ascertained that destabilization 
of the bed 78 may occur if the bed material is dispersed 
unevenly across the gas distribution bottom 75, thereby 
generating areas where the thickness of the bed, and 
hence the pressure loss, is very small. Unless the ma- 
terial bed 78 is quickly smoothened out, the combustion 
gas will, with a self-energizing effect, penetrate the bed 
in these areas, and, in all probability, tunnels will be 
formed in the bed 78. 

[0054] For minimization of this problem in similar 
manner as done in connection with the coolers shown 
in Figures 7 and 8 and in order to obtain a more unifonn 

distribution of the bed material across the entire gas dis- 
tribution bottom 75, it is proposed, according to the in- 
vention, that the kiln 71 be equipped with flow regulator 
21 in each duct 77. 

[0055] In similarity with the previously described grate 
cooler, it is thus obtained, as long as the operation is 
maintained within the interval A to B, see Fig. 6, that the 
gas flow through each duct 77 and hence through the 
adjacent material bed 78 increases as the pressure drop 
across this material bed 78 is increased, and, converse- 
ly, that it decreases as the pressure drop across this ma- 
terial bed 78 is reduced, thereby reducing the tendency 
towards formation of tunnels. 



Claims 

1. A method for treating a bed (6; 78) of particulate 
material which is supported by a gas distribution 
bottom (9; 75), utilizing a treatment gas which via 
ducts (19; 35; 77) is conducted in sectionalized 
manner to and directed up through the gas distribu- 
tion bottom and the bed of material from one or sev- 
eral underlying compartments (15; 76); the flow of 
the treatment gas through each duct (19; 35; 77) 
being regulated by means of a flow regulator (21) 
provided in each duct in order to compensate, at 
least in part, for a changing pressure drop through 
the bed; and each flow regulator being automatical- 
ly movable in direct response to the gas flow rate in 
the respective duct; characterised in that 

the regulation is effected continuously varia- 
bly within an operational range about a datum flow 



rate; and 

the regulator is movable, in response to a 
change in force acting in the opposite direction to 
the direction of movement as a result of the prevail- 
5 ing pressure conditions in the duct, to reduce the 
cross-sectional area of the duct when the gas flow 
begins to rise, and vice versa. 

2. A method according to claim 1 , wherein the gas flow 
10 through each duct (19; 35; 77) is regulated so that 

within an operational range, the gas flow does not 
decrease or increase as the pressure drops across 
the superjacent part of the bed increases or de- 
creases, respectively. 

15 

3. A method according to claim 1 , wherein the gas flow 
through each duct (19; 35; 77) is regulated so that 
it increases or decreases as the pressure drop 
across the superjacent part of the bed increases or 

20 decreases, respectively. 

4. A method according to claim 1 , wherein the gas flow 
through each duct (19; 35; 77) is regulated so that 
it is maintained substantially constant at any pres- 

25 sure drop occurring across the superjacent part of 
the bed. 

5. A method according to any one of the preceding 
claims, wherein a datum setting of each flow regu- 

30 lator (21) is adjusted in order to achieve the desired 
flow characteristics. 

6. A method according to claim 5, wherein the datum 
setting of the flow regulators is automatically adjust- 

35 ed by means of measuring and monitoring equip- 
ment (23) which is connected to a control unit (25). 

7. An apparatus (1; 71) for treating a bed (6; 78) of 
particulate material, the apparatus (1 ; 71) compris- 

40 ing a gas distribution bottom (9; 75) for supporting 
the bed to be treated and provided with a number 
of ducts (19; 35; 77) for sectionalized supplying of 
treatment gas from one or several underlying com- 
partments (15; 76); each duct (19; 35; 77) having a 

45 respectiveflow regulator (21) which is automatically 
movable in direct response to the gas flow rate in 
the respective duct; characterised in that 

the flow regulatorprovides a continuously var- 
iable regulation of the gas flow within an operational 

50 range; and 

the regulator is movable, in response to a 
change in force acting in the opposite direction to 
the direction of movement as a result of the prevail- 
ing pressure conditions in the duct, to reduce the 

55 cross-sectional area of the duct when the gas flow 
begins to rise, and vice versa. 

8. An apparatus according to claim 7, wherein each 
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flow regulator (21 ) comprises one or several ventu- 
rl-like nozzle means (45), each of which Is connect- 
ed through a connecting means (46) to a variable 
restriction means (44), of which the total nozzle 
opening area is variable. 

9. An apparatus according to claim 7, wherein each 
flow regulator (21) comprises one or several varia- 
ble orifice-like nozzle means (90), of which the total 
orifice area is variable. 

10. An apparatus according to claim 9, wherein each 
nozzle means (90) comprises at least two flow re- 
striction overlapping plates (91, 92) which, in con- 
junction, define at least one nozzle opening (93) 
and in that at least one of the plates (91 , 92) is mov- 
able over the other(s) and is connected to means 
(94, 95) for generating this displacement in re- 
sponse to the gas flow condition. 

11. An apparatus according to claim 10, wherein on one 

side of each movable plate there prevails the pres- 
sure upstream of the nozzle opening and on the 
other side of there prevails the pressure Pg down- 
stream of the nozzle opening (93), and the movable 
plate (94) is directly or indirectly connected to a 
charactehstic controlling means (95). 

12. An apparatus according to claim 11, wherein the 
flow restriction means (91 ; 92) are configured so 
that the total nozzle opening area for any pressure 
difference prevailing across the nozzle within a spe- 
cific operating range precisely result in the desired 
gas flow through the duct (19; 35; 77). 

13. An apparatus according to any one of claims 7 to 
12, wherein each flow regulator (21) comprises 
means (51 , 52) for adjusting its datum setting. 

1 4. An apparatus according to claim 1 3 , which compris- 
es measuring and monitoring equipment (23) which 
via a control unit is connected to the adjusting 
means (51 ; 52) of each flow regulator. 

15. An apparatus according to any one of claims 7 to 
1 4, which is a grate cooler (1 ) for cooling hot partic- 
ulate material (6), such as cement clinker being dis- 
charged from a cement kiln (3). 

16. An apparatus according to any one claims 7 to 14, 
which is afluidized bed kiln (71). 

Patentanspriiche 

1. Verfahren zur Behandlung eines Bettes (6; 78) aus 
teilchenfbrmigem Material, das von einem Gasver- 
teilungsboden (9; 75) getragen wird, unter Nutzung 



eines Behandlungsgases, das uber Leitungen (19; 
35; 77) zu dem Gasverteilungsboden und durch die- 
sen und das Materialbett aus einer oder mehreren 
darunterliegenden Kammern (15; 76) abschnitts- 

5 weise geleitet und nach oben gerichtet wird; wobei 
der Strom des Behandlungsgases durch jede Lel- 
tung (1 9; 35; 77) mittels eines DurchfluBmengenreg- 
lers (21) geregelt wird, der in jeder Leitung vorgese- 
hen ist, um zumindestteilweise einen wechselnden 

10 Druckabfall uber das Bett auszugleichen; wobei je- 
der DurchfluRmengenregler auf die GasdurchfluB- 
menge in jeder Leitung direkt ansprechend automa- 
tisch bewegbar ist; dadurch gekennzeichnet, da3 
die Regelung kontinuierlich variabel innerhalb eines 

15 Betriebsberelchs um eine BezugsdurchfluBmenge 
aus gefuhrt wird; und 

der Regler ansprechend auf eine veranderung der 
in entgegengesetzter Richtung zu der Bewegungs- 
richtung wirkenden Kraft als Resultat der vorherr- 
20 schenden Druckbedingungen in der Leitung beweg- 
bar ist, um die Querschnittsflache der Leitung zu re- 
duzieren, wenn die Gasdurchfluf3menge anzustei- 
gen beginnt, und umgekehrt. 

25 2. Verfahren nach Anspruch 1 , bei welchem die Gas- 
durchfluBmenge durch jede Leitung (1 9; 35; 77) in- 
nerhalb eines Betriebsberelchs so geregelt wird, 
da3 die GasdurchfluRmenge nicht abnimmt oder 
zunimmt, wenn der Druckabfall iiber den uberla- 

30 gernden Tell des Bettes zunimmt bzw. abnimmt. 

3. Verfahren nach Anspruch 1 , bei welchem die Gas- 
durchfluBmenge durch jede Leitung (19; 35; 77) so 
geregelt wird, daB sie zunimmt oder abnimmt, wenn 

35 der Druckabfall iiber den uberlagernden Tell des 
Bettes zunimmt bzw. abnimmt. 

4. Verfahren nach Anspruch 1 , bei welchem die Gas- 
durchfluBmenge durch jede Leitung (19; 35; 77) so 

40 geregelt wird, daB sie bei jedem iiber den iiberla- 
gernden Tell des Bettes auftretenden Druckabfall 
im wesentlichen konstant gehalten wird. 

5. Verfahren nach einem der vorstehenden Ansprii- 

45 Che, bei welchem eine Bezugswerteinstellung je- 
des DurchfluBmengenreglers (21) eingestellt wird, 
um die gewunschten Durchf luBeigenschaften zu er- 
zielen. 

50 6. Verfahren nach Anspruch 5, bei welchem die Be- 
zugswerteinstellung der DurchfluBmengenregler 
automatisch mittels einer MeB- und Uberwa- 
chungsausriistung (23) eingestellt wird, die mit ei- 
ner Regeleinheit (25) verbunden ist. 

55 

7. Vorrichtung (1 ; 71) zur Behandlung eines Bettes (6; 
78) aus teilchenfbrmigem Material, welche Vorrich- 
tung (1 ; 71 ) einen Gasverteilungsboden (9; 75) zum 
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Tragen deszu behandelnden Bettes enthalt, dermit 
einer Anzahl von Leitungen (19; 35; 77) versehen 
ist, um abschnittsweise Behandlungsgas aus einer 
Oder mehreren darunterliegenden Kammern (15; 
76) zuzufuhren; wobei jede Leitung (19; 35; 77) je- 
weils einen DurchfluBmengenregler (21) aufweist, 
der auf die Gasdurcliflu3menge in der jeweiligen 
Leitung direl<t anspreciiend autonnatisch bewegbar 
ist; dadurch gekennzeichnet, daB 
der DurchfluBmengenregler eine kontinuierlich va- 
riable Regulierung der GasdurchfluBnnenge inner- 
halb eines Betriebsbereiches bietet; und 
der Regler anspreciiend auf eine Veranderung der 
in entgegengesetzter Richtung zu der Bewegungs- 
richtung wirkenden Kraft als Resultat der vorherr- 
schenden Druckbedingungen in der Leitung be- 
wegbar ist, unn die Querschnittsflache der Leitung 
zu reduzieren, wenn die GasdurchfluBnnenge anzu- 
steigen beginnt, und umgekehrt. 

8. Vorrichtung nach Anspruch 7, bei welcher jeder 

DurchfluBmengenregler (21) eine oder mehrere 
venturiartige Duseneinrichtungen (45) enthalt, von 
welchen jede uber eine Verbindungseinrichtung 
(46) nnit einer variablen Begrenzungseinrichtung 
(44) verbunden ist, deren Gesamtdusenoffnungs- 
flache variabel ist. 

9. Vorrichtung nach Anspruch 7, bei welcher Jeder 
DurchfluBmengenregler (21 ) eine oder mehrere off- 

nungsartige Duseneinrichtungen (90) enthalt, de- 
ren Gesamtoffnungsflache variabel ist. 

10. Vorrichtung nach Anspruch 9, bei welcher jede Dii- 
seneinrichtung mindestens zwei iiberlappende 

DurchfluBbegrenzungsplatten (91, 92) enthalt, die 
in Verbindung mindestens eine Dusenoffnung (93) 
bilden, wobei mindestens eine der Flatten (91 , 92) 
uber die andere(n) bewegbar ist und mit Einrichtun- 
gen (94, 95) verbunden ist, die diese Verschiebung 
ansprechend auf die GasdurchfluBbedingungen 
bewirken. 

11. Vorrichtung nach Anspruch 10, bei welcher auf ei- 
ner Seite Jeder bewegbaren Platte der Druck P-| 
stromaufwarts der Dusenoffnung herrscht und auf 
der anderen Seite der Druck Pg stromabwarts der 
Dusenoffnung (93) herrscht, wobei die bewegbare 
Platte (94) direkt oder indirekt mit einer Charakteri- 
stikregeleinrichtung (95) verbunden ist. 

12. Vorrichtung nach Anspruch 11, bei welcher die 
DurchfluBbegrenzungseinrichtungen (91; 92) so 
konfiguriert sind, daB die Gesamtdiisenoffnungsf la- 
che fur Jede uber die Duse herrschende Druckdiffe- 
renz innerhalb eines bestimmten Betriebsberei- 
ches exakt die gewunschte GasdurchfluBmenge 
durch die Leitung (19; 35; 77) zur Folge hat. 



13. Vorrichtung nach einem der Anspruche7 bis 12, bei 
welcher jeder DurchfluBmengenregler (21) Einrich- 
tungen (51 , 52) zum Einstellen der Bezugswertein- 
stellung hat. 

5 

14. Vorrichtung nach Anspruch 13, welche eine MeB- 

und Uberwachungsausrustung (23) enthalt, die 
iiber eine Regeleinheit mit der Einstelleinrichtung 
(51 ; 52) jedes DurchfluBmengenreglers verbunden 
10 ist. 

15. Vorrichtung nach einem der Anspruche 7 bis 14, 
welche ein Rostkuhler (1) zum Kiihlen von heiBem 
teilchenfdrmigen Material (6) ist, wie zum Beisplel 

15 aus einem Zementofen (3) ausgetragener Zement- 
klinker. 

16. Vorrichtung nach einem der Anspruche 7 bis 14, 
welche ein Wirbelschichtofen (71) ist. 

20 

Revendications 

1. Un precede detraitementd'un lit (6, 78) demateriau 
25 particulate qui est soutenu par une base de distri- 
bution de gaz (9, 75) utilisant un gaz de traitement 
qui, grace a des conduites (1 9, 35, 77) est dirige et 
eleve d'une maniere selective au travers de la base 
de distribution de gaz et du lit de materiau a pari:ir 

30 d'un ou de plusieurs compartiments sous-jacents 
(15, 76) ; le flux du gaz de traitement dans chaque 
conduite (1 9, 35, 77) etant regule aux moyens d'un 
regulateurdeflux (21) pourvu dans chaque condui- 
te de maniere a compenser, au moins en partie, une 

35 modification de la baisse de pression au travers du 
lit ; et chaque regulateurdeflux etant automatique- 
ment mobile en reponse directe a un debit de gaz 
dans la conduite respective ; caracterise en ce 
que 

40 la regulation est effectuee de maniere varia- 

ble et continue dans une plage d'exploitation autour 
d'une donnee de debit ; et 

leregulateur est mobile en reponse a une mo- 
dification de la force agissant en direction opposee 

45 a la direction du mouvement en fonction des condi- 
tions de pression existantes dans la conduite, pour 
reduire la surface transversale de la conduite lors- 
que le flux de gaz commence a I'elever, et vice ver- 
sa. 

50 

2. Un precede selon la revendication 1 , dans lequel le 
flux de gaz dans chaque conduite (19, 35, 77) est 
regule de maniere a ce que dans une plage d'ex- 
ploitation, le flux de gaz ne baisse ni n'augmente 

55 quand la baisse de pression sur I'ensemble de la 
part:ie sus-jacente du lit augmente ou diminue, res- 
pectivement. 
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3. Un procede selon la revendication 1 , dans lequel le 
flux de gaz dans chaque conduite (19, 35, 77) est 
regule de maniere a ce qu'il augmente ou diminue 
quand la baisse de pression a travers I'ensemble 

de lapartiesus-jacente du lit augmente ou diminue, 5 
respectivement. 

4. Un procede selon la revendication 1 , dans lequel le 
flux de gaz dans chaque conduite (19, 35, 77) est 
regule de maniere a ce qu'il maintienne sensible- io 
ment constant, a n'importe quelle pression surve- 
nant, I'ensemble de la partie sus-jacente du lit. 

5. Un procede selon I'une quelconque des revendica- 
tions precedentes, dans lequel une donnee de pa- is 
rametrage de chaque regulateur de flux (21) est 
ajustee de maniere a obtenir les caracteristiques de 
flux desirees. 

6. Un procede selon la revendication 5, dans lequel la 20 
donnee de parametrage des regulateurs de flux est 

automatiquement ajustee aux moyens d'un equipe- 
ment de mesure et de suivi (23) qui est relie a une 
unite de commande (25). 

25 

7. Un appareil (1 , 71 ) pour le traitement d'un lit (6, 78) 
de materiau partieulaire, I'appareil (1, 71) compre- 
nant une base de distribution de gaz (9, 75) pour 
soutenir le lit a trailer et pourvu d'un certain nombre 

de conduites (1 9, 35, 77) pour la fourniture par sec- 30 
tion du gaz de traitement provenant d'un ou plu- 
sieurs compartiments sous-jacents (15, 76) : cha- 
que conduite (19, 35, 77) presentant un regulateur 
de flux respectif (21) qui est mobile automatique- 
ment en reponse directe au debit de gaz dans la 35 
conduite respective, caracterise en ce que : 



8. Un appareil selon la revendication 7, dans lequel 
chaque regulateur de flux (21) comprend un ou plu- so 
sieurs moyens de buses venturi (45), chacun d'en- 

tre eux etant relie grace a des moyens de connexion 
(46) a des moyens de restriction variables (44) dont 
la surface totale d'ouverture de la buse est variable. 

55 

9. Un appareil selon la revendication 7, dans lequel 
chaque regulateur de flux (21 ) comprend un ou plu- 
sieurs moyens de buse de type a orifice variable 



(90) dont la surface totale d'orifice est variable. 

10. Un appareil selon la revendication 9, dans lequel 
chaque moyen de buse (90) comprend au moins 
deux plaques de restriction se recouvrant (91 , 92) 
qui, conjointement, d6f inissent au moins une ouver- 
ture de buse (93) et au moins I'une des plaques (91 , 
92) est deplagable sur I'autre (les autres) et est re- 
liee a des moyens (94, 95) pour generer ce depla- 
cement en reponse a la condition du flux de gaz. 

11. Un appareil selon la revendication 10, dans lequel 
sur un cote de chaque plaque mobile, en amont de 
louverture de la buse prevaut une pression P-j et 
de I'autre cote, en aval de I'ouverture de la buse (93) 
prevaut une pression et la plaque mobile (94) est 
directement ou indirectement reliee a des moyens 
de controle de caracteristique (95). 

12. Un appareil selon la revendication 11 , dans lequel 
les moyens de restriction de flux (91 , 92) sent con- 
figures de maniere a ce que la surface d'ouverture 
totale de la buse, pour toute difference de pression 
prevalant au travers de la buse dans une plage d'ex- 
ploitation specifique, se traduise precisement par le 
flux de gaz desire dans la conduite (1 9, 35, 77). 

13. Un appareil selon une quelconque des revendica- 
tions 7 a 12, dans lequel chaque regulateur deflux 
(21) comprend des moyens (51 , 52) pourajuster sa 
donnee de parametrage. 

14. Un appareil selon la revendication 13, qui com- 
prend un equipement de mesure et de surveillance 
(23) qui, g race a uneunitede controle, est relie aux 
moyens de regulation (51 , 52) de chaque regulateur 
de flux. 

15. Un appareil selon I'une quelconque des revendica- 
tions 7 a 14 qui est un refroidisseur a grille (1 ) pour 
refroidir un materiau partieulaire chaud (6) tel que 
du laitier de ciment provenant d'un four a ciment (3). 

16. Un appareil selon I'une quelconque des revendica- 

tions 7 a 14, qui est un four a lit fluidlse (71). 



le regulateur de flux fournit une regulation va- 
riable continue du flux de gaz dans une plage 
d'exploitation ; et 40 
le regulateur est mobile en reponse a une mo- 
dification de la force agissant en direction op- 
posee a la direction du mouvement en fonction 
des conditions de pression existantes dans la 
conduite, pour reduire la surface transversale 45 
de la conduite lorsque lefluxdegaz commence 
a s'elever, et vice versa. 
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Fig* 1 
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Fig. 6* 
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